Growth, survival, and abundance of young, and their connectivity to adult populations are four primary factors used to define nursery habitats. In the present study, we examined the relative quality of mangrove and seagrass habitats for juvenile french grunt, Haemulon flavolineatum (desmarest, 1823), and schoolmaster, lutjanus apodus (walbaum, 1792), reef fish populations in st. croix and Puerto rico by using otolith microstructure to compare growth in these habitats. mean daily otolith increment widths during the post-settlement period (30-60 d) of surviving late juvenile french grunts and schoolmaster collected in 2007 were compared between mangrove and seagrass habitats within each island. Increments widths were significantly wider during the post-settlement period in mangrove habitats at both study locations for both species. our inferred growth interpretations indicate that mangroves may support faster growing fishes than seagrass habitats. however, due to the fact that the observed growth rates reflect the traits of the surviving cohorts among habitats, other factors, such as size-selective mortality/emigration and previous larval growth history, should also be considered in the interpretation of the observed growth patterns.
many marine fishes have complex life histories in which juveniles and adults occur in spatially distinct habitats (Gillanders et al. 2003) . for many species, juveniles may simultaneously occupy more than one habitat type (e.g., mangrove, seagrass, patch reef, coral rubble). when this occurs, it is likely that habitats will vary in their relative quality. relative quality is frequently assessed by comparing abundance, growth, and survivorship of juveniles in two or more habitat types (e.g., wilson et al. 1990 (e.g., wilson et al. , Irlandi and crawford 1997 (e.g., wilson et al. , rozas and minello 1997 (e.g., wilson et al. , meng et al. 2000 .
habitats that promote rapid growth are generally assumed to be high-quality areas for juvenile fishes, because rapid growth implies that sufficient food is available and that juveniles will be less vulnerable to size-selective mortality due to predation and environmental stress (sogard 1997) . Individuals attaining a larger size at the end of the juvenile period may be more successful in completing the process of migration to the adult habitat. Therefore, a habitat that promotes higher growth rates may contribute more and larger juveniles to the adult population (beck et al. 2001 (beck et al. , bergenius et al. 2002 (beck et al. , but see Gagliano et al. 2007 .
variation in growth among juvenile habitat types and locations, especially in shallow water estuarine environments, has been well documented (beck et al. 2001) . however, the majority of these studies have been conducted in geographic regions where estuaries are large and numerous, and contain many estuarine dependent species (e.g., northern Gulf of mexico and the us atlantic coast; houde and rutherford 1993, hales and able 2001, heck et al. 2003, minello et al. 2003) . In contrast, there are few studies comparing relative growth of fishes that settle to mangroves, seagrasses, and coral reef habitats in tropical latitudes.
The french grunt, Haemulon flavolineatum (desmarest, 1823) , and the schoolmaster, lutjanus apodus (walbaum, 1792) , are economically and ecologically important fish species in the caribbean. Juveniles of these two species are dependent upon mangrove and seagrass nearshore habitats as nursery areas (rooker and dennis 1991, sedberry and carter 1993, rooker 1995, nagelkerken et al. 2000a,b,c, adams and ebersole 2002) . since nearshore habitats throughout the caribbean are under threat from anthropogenic stressors, data are needed to quantify the importance of specific nearshore habitat types in sustaining fish populations.
The purpose of our study was to evaluate the relative quality of mangrove and seagrass habitats for juveniles of two reef fish species in the us caribbean by comparing growth rates in each habitat type. using otolith increment widths as a proxy for growth, we examined whether there are habitat-specific differences in juvenile growth within each species. materials and methods site description our initial design consisted of two mangrove and two seagrass stations in each island (see below) to compare habitat specific growth. however, both fishes were not found at some stations, thus additional areas were added within each island to maintain adequate sample sizes.
st. Croix stations.-five stations were sampled on st. croix, us virgin Islands. The seagrass stations were teague bay, turner hole, and Great Pond, while the mangrove stations were salt river and altona lagoon. teague bay, turner hole, and Great Pond are part of a bank-barrier reef system that surrounds the northeast and southeast coasts of st. croix. for details on the station locations, see mateo et al. (2010) . In all of these shallow (1-5 m) embayments, there is a large back-reef lagoon with the distance from the shore to the reef varying from 500 to 700 m (mateo and tobias 2001). most of the bottom is covered by seagrass [e.g., Thalassia testudinum banks & soland ex. Koenig and syringodium filiforme (Kütz)] in beds of varying density, with small, scattered patch reefs. The salt river estuary is a shallow (1-4 m) red mangrove, Rhizophora mangle linnaeus, fringed lagoon on the north shore of st. croix separated from the open ocean by a fringing reef (adams and tobias 1999). altona lagoon is an enclosed, red mangrove-fringed lagoon, connected to a large back-reef lagoon by a single narrow channel < 10 m wide, with a maximum depth of 3.5 m. altona lagoon is located on the north coast of st. croix.
puerto Rico stations.-In Puerto rico, samples were collected from two general areas: la Parguera (montalva bay, corral, el Palo Keys) and Guayanilla bay (Punta Guayanilla, maria langa). There were two seagrass stations (corral, el Palo Keys) and three mangrove stations (montalva bay, Punta Guayanilla, and maria langa). montalva bay is a non-estuarine, coastal system fringed by red mangroves, with shallow (1-2 m) water areas (i.e., sand, mud) covered with seagrass beds (aguilar-Perera and appeldoorn 2007). corral and el Palo Keys are emergent reefs with shallow coral reefs and seagrass beds. The lagoons in all of these sites are < 3 m deep and have no mangroves. In Guayanilla bay, Punta Guayanilla has nearby shorelines dominated by red mangroves, while maria langa is a red mangrove-covered island ~2 km from the shoreline (vicente and associates 2003, mateo et al. 2006 ). depths range from 1 to 2 m at both study sites.
sampling methods
Young-of-the-year (YoY, age-0 to < 1 yr) fishes were collected in 2007 during may in st. croix and June in Puerto rico using fish traps and seine nets at each station ( Preparation and analysis of Juvenile otoliths fl was measured for each fish prior to dissection and otolith removal. both sagittal otoliths were removed, cleaned of endolymphatic tissue, rinsed three times with milli-Q water, and allowed to dry in a class 100 laminar-flow hood. samples were placed in acid-washed 2.5-ml snap-cap containers. a total of 186 otoliths were prepared for growth studies (french grunt n = 96, schoolmaster n = 90).
transverse thin sections of 400 µm of each otolith were made with a buehler low-speed saw. each section was mounted on a microscope petrographic slide with thermoplastic glue and ground to the core in the sagittal plane with lapping film (30, 15, 9, and 3 µm). otoliths were examined under an olympus mX-51 transmitted light microscope at 400× at the national marine fisheries services laboratory in narragansett, rhode Island, usa. using Image-Pro image analysis software 6.1 (media cybernetics 2006), increments were enumerated and increment widths measured along the anterior dorsal section of the otolith from the core to the outer edge. based on preliminary analysis, a consistent reading axis was selected that was not the longest axis of the juvenile otolith growth area, but one along which increments were visible to the edge. based on age validation studies by hein (1999) and lindeman (1997), each increment was assumed to reflect 1 d of growth. we followed a standard protocol for reading and interpreting the otoliths (searcy and sponaugle 2000).
a subset of individuals with fl of 5-9 cm (french grunts) and 5-10 cm (schoolmaster) was selected for analyzing differences in inferred growth among habitats within islands. This size range was used to avoid problems in growth interpretation due to differences in size at capture among stations. differences in mean fl and age among habitats within islands were examined using one-way anova. natural log transformation of otolith increment width data was carried out to meet the assumptions of homogeneity of variances and normality (sokal and rohlf 1981). The relationships between otolith growth and fish growth for french grunt and schoolmaster was confirmed by analyzing the relationships between the residuals from the regressions of otolith length on age and of fish size on age. slopes of the relationships between otolith length and fish length among islands were tested using ancova homogeneity of slopes tests. The reference point for the division between larval and juvenile-settlement increments was 30 d, based on previous studies for grunts and snappers as the upper limit of the larval to post-settlement transition (brothers and mcfarland 1981, lindeman 1997, shaw 1997) . Given that daily growth data are auto-correlated because the same individuals are compared at different ages, and because otolith daily increment data taken on individual fish are longitudinal in nature (sequential measurements were made on each otolith examined), repeated-measures manova was used to test for among-group differences in growth trajectories (chambers and miller 1995, searcy et al. 2007 ). a repeated multivariate approach was preferred to a repeated univariate test because our data did not meet the assumptions of sphericity and compound symmetry. Pillai's trace v was used as the test statistic since it is more robust than wilk's Λ in the case of unequal sample sizes and for situations in which covariances are not homogeneous. we used a repeated-measures manova (sYstat v9.1) on natural log-transformed data for all comparisons of otolith increment widths among groups. we compared increment widths in the intervals from 30 to 60 d as dependent response variables (a total of 30 dependent response variables). we report the summary of the multivariate analysis on the overall Pillai's trace v test for differences between groups. The between groups factors were habitat (mangrove, seagrass) and island (st. croix, Puerto rico).
Potential problems may arise in interpreting growth in fishes with different individual ages because these individuals would have grown in different months of the year with different temperature regimes. we calculated the temperature for a particular month on which an individual would have grown during their day 30 to day 60 period based on examining hatching dates and temperature data from october 2006 through June 2007. The sea surface temperature data came from the national oceanic and atmospheric administration's (noaa) Integrated coral observing network program. These stations are located in salt river, st. croix, and in la Parguera, Puerto rico. temperature, age, and fl were used as covariates in our manova tests to account for potential factors that might affect interpretation of growth differences among habitats and islands. results size distribution There were no significant differences in mean fl and age of french grunts among habitats within islands [mean fl (stX: f 1,61 = 3.16, anova: P < 0.081; Pr: f 1,66 = 1.106, anova: P = 0.297), mean age (stX: f 1,61 = 0.714, anova: P < 0.401; Pr: f 1,66 = 2.218, anova: P = 0.149); table 2]. for schoolmaster, mean fl and age of individuals captured was significantly larger in seagrass habitats only in Puerto rico [mean fl (stX: f 1,56 = 0.739, anova: P < 0.394; Pr: f 1,34 = 14.398, anova: P = 0.001), mean age (stX: f 1,56 = 0.714, anova: P < 0.739; Pr: f 1,34 = 14.470, anova: P = 0.001); table 3].
relationship between fish Growth and otolith Growth
The residuals of otolith size on age and fish size on age were significantly positively related, indicating that otolith increments are valid proxies of growth (french grunt stX: r = 0.97, P < 0.001; french grunt Pr: r = 0.98, P < 0.001; schoolmaster stX: r = 0.87, P < 0.001; schoolmaster Pr: r = 0.84, P < 0.001). for french grunt and schoolmaster, the slopes of the linear relationships between otolith length and fl did not differ significantly between islands (french grunt ancova: f 1,128 = 0.841, P = 0.361; schoolmaster ancova: f 1,91 = 0.564, P = 0.455). There were no significant differences in otolith increment widths between islands for either species (table 4) . for both species, increment widths between habitats (both islands combined) were significantly larger in mangrove than in seagrass habitats (table 4) . There was no significant interaction for increment width between islands and habitat among species, indicating that the habitat effect on growth rate for both species was similar between islands. There was also no significant effect of temperature, age, or fl on increment widths in either species (table 4) .
discussion
In the present study, we used apparent inferred growth of early juveniles reflected by surviving later juveniles as a metric for evaluating the relative quality of different habitats as nurseries for juvenile fishes. we found that surviving late juvenile french grunt and schoolmaster from mangrove habitats had significantly wider otolith increments during their early juvenile period than individuals from seagrass habitats in both Puerto rico and st. croix. however, interpretation of this result is still not straightforward; there are many factors that can influence apparent growth differences and not all of these may be indicative of a selective advantage for fishes in mangrove habitats. The most important factors to consider are size selective mortality/emigration, larval history, temperature, and the role of shelter in reducing energy costs.
Previous growth history, as well as size-selective mortality, may influence interpretation of juvenile growth rates (meekan and fortier 1996, searcy and sponaugle 2001, bergenius et al. 2002, searcy et al. 2007 ). for example, traits that are beneficial in the larval stage, such as fast growth, may become disadvantageous to juvenile survival (Gagliano et al. 2007 ) if the direction of differential size selective mortality reverses. shelter from predation may interact with size-selective mortality to influence not only growth rates, but size-dependent survival (meekan and fortier 1996, searcy and sponaugle 2001, bergenius et al. 2002, searcy et al. 2007 ). for example, fast growing juvenile fishes may suffer greater predation than slower growers (sogard 1997 (sogard , Gagliano et al. 2007 , especially if shelter provided by the habitat favors smaller fishes. searcy et al. (2007) recommended that prior to the use of growth as an index of habitat quality, it is important to recognize that growth rates may be affected by mechanisms other than habitat quality, such as selective mortality of slower (or faster) growing individuals, previous growth history, and negative density dependence (i.e., lower growth at higher conspecific densities). Incorporation of selective mortality into growth-based assessment of habitat quality is important because the removal of either slower or faster growing individuals from the population will bias interpretation of overall cohort growth. In our study, it is possible to hypothesize potential scenarios for size selective mortality, but the key is to identify processes that would act differentially among habitats. for example, mangrove prop roots and their associated fouling community may not favor a particular fish size, whereas faster growing fishes in seagrass may have outgrown the shelter provided by seagrass and thus may have either emigrated or been preyed upon more readily, as predicted by werner and Gilliam (1984; see appeldoorn et al. 2009 see appeldoorn et al. , Grol et al. 2011 for application to grunts). Therefore, since we cannot discount that the pattern of growth we observed might have been influenced by size-selective mortality, we can only conclude that the observed growth rates reflect the traits of the surviving cohorts. abiotic factors, such as temperature, could have influenced the observed growth. reichert and van der veer (1991) and baltz et al. (1998) , for example, found that warmer water temperatures were responsible for faster growth rates in a variety of juvenile fish species. In contrast, growth rates of juvenile flatfish were negatively affected by rising water temperature (sogard 1992, meng et al. 2000, manderson et al. 2002) . These contrasting results are likely because the growth-temperature relationship is parabolic; growth rates tend to increase with temperature to an optimum beyond which growth rates decline rapidly (williams and caldwell 1978, reichert and van der veer 1991). In our study, samples were obtained at the same time of year in an attempt to eliminate any potential effect of seasonal temperature variations. Yet, differences in the ages of fishes sampled indicate that the time of settlement, and hence season of growth studied, varied substantially, and testing the effect of temperature under this scenario would require year-round temperature records for each site. for this reason, we examined growth differences among habitats using monthly temperature from Icon/crews sea surface temperature records at the time of settlement, as well as age and fl, as covariates in our manova analyses; the analysis showed no evidence that temperature, age, and fl were factors in our growth interpretations.
finally, the structure of mangrove habitats likely provided sufficiently better protection from predation to explain much of the differences in growth. Predation has often been considered the largest source of mortality for juvenile fishes and the risk of predation can influence growth rates by either forcing young fishes into suboptimal foraging habitats or reducing the amount of time spent foraging (Gilliam and frazer 1987 , sogard 1992 , walters and Juanes 1993 . comparisons of predation risk among mangrove, seagrass, and reef habitats in the caribbean are few. using tethering experiments in belize, chittaro et al. (2005) found lower predation risks for Haemulon chrysargireum Günther, 1859, a related grunt species, in mangrove/seagrass habitats compared to coral reefs. In curaçao, overall comparisons of cumulative survival of tethered H. flavolineatum among habitats (seagrass, mangrove, reefs) showed that survival was significantly highest in the mangroves compared to other habitats (dorenbosch et al. 2009 (dorenbosch et al. , Grol et al. 2011 ). This is not surprising because mangrove ecosystems are the most structurally complex of the shallow water coastal habitats (nagelkerken etal. 2000a,b,c, cocheret et al. 2002, mumby et al. 2004) . They provide protection for small fishes in several ways: prey visibility is reduced, predator and prey encounter rates are low, and the ability of predators to search for and capture prey is greatly reduced (chittaro et al. 2005, dorenbosch et al. 2009 ). Growth will potentially be increased because less time is spent sheltering from predators and more time can be spent foraging and feeding (beck et al. 2001 ). The differences in inferred growth we observed between mangrove and seagrass habitats are consistent with this concept.
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